This paper deals with the GI/G/m queueing system with group arrivals via diffusion approximation.
Introduction
This paper analyzes a many server queueing system with group arrivals denoted by G~/G/m via diffusion approximation. The G~/G/m system is of interest from the view point of practical applications. It is, however, extremely difficult to investigate such a system analytically. There are several studies about a certain subclass of G~/G/m systems; see Chaudhry and Templeton [4] . The ~1/M/m system was studied by Kabak [15] and the idea that the discrete-state process: {Q(t); t ~ o} can be approximated by an appropriate diffusion process {X(t); t ~ o}. Since Q(.) should take nonnegative values, it is necessary to impose an impenetrable boundary at the origin of X( .. ). Usually, either the rE,flecting boundary (RB) or the elementary return boundary (ERB) has been used as such a boundary. There is a considerable amount of literature on diffusion approximations with these boundaries; see [6, 8, 11, 12, 18, 20, 21, 22] for the RB, and [5, 6, 9, 16, 17] for the ERB. It is, however, known that diffusi.on approximations with the RB are only effective in heavy traffic, and that those with the ERB are essentially appropriate only for systems with Poisson arrivals.
Gelenbe [10] studied a diffusion process with the ERB where sojourn times have a Coxian distribution. In this paper, using this process, we will provide a diffusion approximation for queueing systems with general arrivals.
In Section 2, we give a formulation by CL diffusion process with the ERB.
From this formulation, approximate formulae of some basic queueing characteristics are derived in Section 3. In Sec:tion 4, a modified approximation is considered to improve the accuracy of these formulae. Finally, the accuracy of these two diffusion approximations for the mean number of customers in the system is numerically examined in Section 5.
Formulation for the GIX/G/m System
We consider a many server queueing system with group arrivals denoted by GJC/G/m. This queueing system is specified by the following assumptions.
Customers arrive in groups of random sizes at a service facility with infinite waiting room. The group size X is a positive integer-valued LLd. random variable with a distribution tion {gn} has the mean y ~ 1) and the
finlte varlance a. times and group sizes, respectively. Since we consider the system in the steady-state in this paper, we assume that p = Ay/m~ < 1. Iglehart and Whitt [14] proved that the process {Q(t); t > o} in the T.Ohsone unstable G~/G/m system converges weakly to a Brownian motion process. It suggests the idea of an approximation for the stable queueing system, especially, in heavy traffic. Our diffusion approximation is based on the heavy traffic limit theorems.
We proceed to the diffusion approximation for the G~/G/m system. Let 
"
Thereafter it leaves there and either enters the (i+1)-th phase with probability r.
or leaves the network with probability 1 -1'.. We 
is given by
We can approximate the interarriva1 time T to T because the Coxian n distribution can approximate a general distribution by means of matching its first K moments, where K can be arbitrarily large. diffusion parameters b(x) and a(x) called infinitesimal mean and infinitesimal variance. respectively. which are defined as However. when it reaches the boundary at x = O. it remains there for a random interval of time TO called a sojourn time at the origin. Thereafter.
in the interval (0. 00) the trajectory jumps to a random point x whose p.d.f. is fO(x). and then starts from seratch. For the GIX/G/m system. the number of customers in the system inereases instantaneously to k after an arrival of a new k-sized group to the empty queue. 
It is noticed that these equations depend not on Ai and Ri but only on the mean of the stationary residual lifetime of interarriva1 times.
A Solution of the Diffusion Equation
Before we proceed to solve (2.13) and (2.14), the normalizing condition and appropriate boundary conditions should be added: 2) and (3.3)
Integrating (2.13) with respect to x and using (2.3) and (2.14), we have A-
If b k # 0 for k = 1,2,···,m-l, then TIO is determined by (3.1): as follows: 
E[Q]
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A Modified Diffusion Approximation
In this section we shall present a modified diffusion model for the GJC/G/m system. This model can be obtained by replacing fO(x) in (2.3) with the p.d.f.
00
(4.1)
The above modification is based on an intuitive consideration that
is more appropriate than x = k as a representative point of (k-1, k). From (2.13), we have
Integrating (t~.2) under the condition (2:.14), it yields the system of ordi- 
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in the similar manner as in Section 3. Therefore we have a modified approximate formulae for the distribution of the number of customers in the system:
where TIO is determined by the normalizing condition
00
Using Crr k } , we can obtain the modified formulae for the mean queue length and the mean number of customers in the system.
Numerical Examples
To examine the accuracy of the diffusion approximations, we shall numerically compare them with the exact solutions for the mean number of customers. 
MDA
: the modified diffusion approximations in Section 4.
For notational convenience, we use in these tables the symbol G(kJ instead of X to denote the geometric distribution with mean k.
It is found from these tables that the MDA is more accurate than the DA for most cases, especially, when the number of servers is small and the mean group size is large. The MDA is, however, little effective when the number of servers is large. We can further observe that the accuracy of both DA and the MDA becomes much better as the mean group size decreases. 
